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Stroke in young has emerged as a major public health problem in India. The prevalence of stroke in younger individuals is high (18-32% of all stroke cases) compared with high income countries.\[[@ref1]\] The causes of stroke in young are more varied and even after extensive investigations remain elusive in 20-50% of young patients.\[[@ref2]\] While the age group included in studies on stroke varies widely in the reports published in literature, it has been recommended that future studies should consider keeping 15-49 years (\<50 years) as the age group for studies on stroke in young.\[[@ref3]\]

Diabetes mellitus, hypertension, heart disease, current smoking, and long-term heavy alcohol consumption are major risk factors for stroke in young adults as in elder population.\[[@ref3][@ref4]\] Recent data from several studies indicate that 21-48% of strokes in young are caused by atherosclerotic large artery occlusive disease.\[[@ref3]\] However, there is paucity of data on the role of extracranial carotid atherosclerosis (ECA) and its association with lifestyle factors like smoking and alcohol use in causation of ischemic stroke in younger age group. Perhaps, there is no exclusive data available on this subject from the Indian sub-continent. The present study looks at the association of smoking and alcohol in causation of ECA as a cause of stroke in young.

Materials and Methods {#sec1-2}
=====================

This cross-sectional preliminary observational study was conducted at Armed Forces Medical College (AFMC)-Command Hospital, Pune from 02 March 2009 to 16 Feb 2010. The study aimed to investigate (a) the prevalence of ECA, and (b) to study the association of premature carotid atherosclerosis with lifestyle factors like smoking and alcohol amongst patients with first anterior circulation ischemic stroke in age group 20-49 years. Exclusion criteria included (a) posterior circulation strokes, (b) likely cardio-embolic strokes due to valvular heart disease, cardiomyopathy, atrial fibrillation, and heart failure, and (c) female strokes. As we intended to study the impact of lifestyle factors in stroke, females were excluded as smoking and alcohol consumption by females is not a universal habit in conventional Indian society. Eligible patients enrolled in the study belonged to different parts and ethnic races of India.

Patients were screened for modifiable and non-modifiable vascular risk factors. Smoker was defined as a person having 1 or more pack years of smoking (1 pack = 20 cigarettes). Tobacco chewers were included in the smokers category as they have been referred to as 'smokeless tobacco users' with similar cardiovascular risk potential.\[[@ref5]\] Regular alcohol consumer was defined as a person with alcohol consumption \>70 grams/week.\[[@ref6]\] Alcohol consumption \<70 grams/week or occasional consumption was taken as non-alcohol consumer. In addition, we collected data for hypertension, diabetes mellitus, heart disease, and presence of hypercholesterolemia.

All patients were subjected to routine hematological and metabolic workup, electrocardiogram (ECG), echocardiography, magnetic resonance imaging of brain, magnetic resonance angiography of intracranial and extracranial vessels, and carotid doppler ultrasonography (CDUS). Workup for vasculitis, anti-phospholipid antibody, and prothrombotic factors was done in cases when patient could afford the tests. All patients gave informed consent to participate in the study.

The study variables included presence of stenosis, degree of stenosis (high-grade \>70%, moderate 50-70% and low grade \<50%) and whether the site of abnormality corresponded to the clinical deficit. Measurement of intima media thickness and characterization of plaque was not analyzed, these variables being highly observer dependant and data having been inconsistently recorded.

Data was analyzed for prevalence of ECA in this subset of stroke patients. We dichotomized current smoking (yes/no) and current alcohol consumption (yes/no) to evaluate their association with ECA. The statistical analysis was done using R 2.15.1 software.\[[@ref7]\]

Results {#sec1-3}
=======

A total of 46 consecutive male patients met the eligibility criteria with age ranging from 20 yrs to 49 yrs (mean age 38.26 yrs) with 26 (56.52%) patients between ages 40 yrs and 49 yrs. Twenty-six had left hemispheric stroke while 20 had right hemispheric stroke. There were eight (three known, five diagnosed first-time) (17.39%) patients with hypertension, one (2.17%) had coronary artery disease (CAD), and none had diabetes mellitus or peripheral arterial disease. There were 24 (52.17%) tobacco users (20 smokers and four smokeless tobacco users) and 22 (47.83%) tobacco non-users. There were 24 (52.17%) regular alcohol consumers and 22 (47.83%) non-alcohol consumers. Of the eight cases with hypertension, three (37.5%) were neither tobacco users nor alcohol consumers, while four (50%) were both tobacco users and alcohol consumers, and one (12.5%) was only tobacco user; all the alcohol consumers were tobacco users with \>20 pack years.

Hemogram, metabolic parameters, and ECG were normal in all patients. Echocardiography was normal in 32 cases, and showed patent foramen ovale and ventricular hypertrophy in two cases each; it was not available for 10 cases. Of 35 patients for whom low-density lipoprotein (LDL) cholesterol was available, nine patients had LDL cholesterol \>100 mg/dl. Of these nine patients, three had carotid artery stenosis, one had carotid occlusion, while five had normal carotid arteries.

The CDUS examination found atherosclerotic plaque/occlusion on symptomatic side in 14 of the 46 (30.44%) patients. Seven of these 14 cases (50%) i.e. seven of 46 cases (15.21%) had carotid occlusion, four had \<50% stenosis, while three had \>70% stenosis \[[Figure 1](#F1){ref-type="fig"}\]. The CDUS examination was normal in 32 of the 46 patients (69.56%). In all of these patients with carotid stenosis, the clinical deficit corresponded to the territory of the infarct.

![Extracranial carotid atherosclerosis in 14 of 46 (30.44%) cases, carotid occlusion in 7 of 14 (50%) i.e. 7 of 46 (15.21%) cases, carotid stenosis \<50% in 4 (8.69%) cases, carotid stenosis \>70% in 3 (6.52%) cases, and normal carotids in 32 of 46 (69.56%) cases](AIAN-16-516-g001){#F1}

There were 24 of 46 (52.17%) strokes which occurred in 'smokers and smokeless tobacco users', while 22 of 46 (47.83%) strokes occurred in non-smokers. There were 10 of 14 (71.42%) symptomatic carotid lesions which were associated with 'smoking and smokeless tobacco use'; 14 of 32 (43.75%) strokes without carotid lesions were associated with 'smoking and smokeless tobacco use' \[[Figure 2a](#F2){ref-type="fig"}\]. The prevalence odds ratio (OR) for tobacco use and ECA was 3.21 (95% CI: 0.83-12.44).

![10 of 14 (71.42%) cases with extracranial carotid atherosclerosis were smokers and 14 of 32 (43.75%) cases with normal carotids were smokers (a), 8 of 14 (57.14%) cases of extracranial carotid atherosclerosis were alcohol consumers and 16 of 32 (50%) cases with normal carotids were alcohol consumers (b)](AIAN-16-516-g002){#F2}

There were 24 of 46 (52.17%) strokes which occurred in regular alcohol consumers, while 22 of 46 (47.83%) strokes occurred in non-alcohol consumers. There were eight of 14 (57.14%) symptomatic carotid lesions which were associated with alcohol consumption; 16 of 32 (50%) of stroke without carotid lesions were associated with alcohol consumption \[[Figure 2b](#F2){ref-type="fig"}\]. The prevalence OR for alcohol consumption and ECA was 1.33 (95% CI: 0.38-4.72).

In this study of strokes less than 50 years we found that there was a greater association of smoking with ECA as compared to alcohol.

Discussion {#sec1-4}
==========

The incidence of stroke in young is higher in the Indian subcontinent than the west but precise causes are not known. In an angiographic study, primary atherosclerosis was thought to be the cause of young stroke in Indian population.\[[@ref8]\]

Smoking was observed in 44% patients and males were more often heavy drinkers in Helsinki Stroke Study.\[[@ref9]\] Previous studies have shown alcohol and smoking as important risk factors.\[[@ref4][@ref10][@ref11][@ref12]\] Cigarette smoking is a traditional risk factor for atherosclerosis and previous studies have demonstrated positive association with carotid intima media thickness and increased risk of atherosclerosis.\[[@ref13]\] However, little is known about alcohol consumption and carotid atherosclerosis. Both smoking and alcohol consumption are modifiable cardiovascular risk factors and offer potential for primary and secondary preventions of stroke.\[[@ref13]\]

We present our preliminary observation with CDUS in 46 patients with anterior circulation non-cardio-embolic strokes aged 20-49 years. Non-modifiable cardiovascular risk factors for atherosclerosis were found in relatively smaller proportion of cases: 25.17% had raised LDL-cholesterol, 17.39% had hypertension, 2.23% had cardiovascular disease, none had diabetes mellitus, which compares with figures of 42%, 39%, 10.2%, 10.4%, respectively, in similar age group in the Helsinki Young Stroke Registry.\[[@ref9]\] In this study, there were 62.5% cases of hypertension with lifestyle risk factors, 50% of these having both risk factors.

Large artery atherosclerosis was seen in 8% of strokes under 50 years in the Helsinki young stroke registry,\[[@ref9]\] while it was reported in 21% of ischemic strokes aged between 15 years and 44 years from Korea.\[[@ref14]\] Large artery atherosclerosis was 26.9% and 41% of strokes in all age groups in two separate studies from Indian subcontinent.\[[@ref15][@ref16]\] The Indian study found intracranial rather than extracranial large artery atherosclerosis to be more common in strokes.\[[@ref16]\] We did not find intracranial atherosclerosis perhaps this being more common in females and in older age group in the subcontinent.

We found 31% ischemic strokes \<50 years with ECA nearly half of whom had carotid occlusion, which is at variance with the foregoing studies from the Indian sub-continent. We did not find intracranial atherosclerotic disease in our series. The high rate of ECA in this series is commensurate with the increasing prevalence of lifestyle factors for atherosclerosis, and highlights the recurrent theme of atherosclerotic disease in stroke in this study.

Increased wall thickness of carotid arteries and increased prevalence of carotid atherosclerotic lesions/thrombotic occlusions in young strokes with relatively low incidence of cardiovascular risk factors have been reported from Italy.\[[@ref17]\] This is in keeping with findings from our study. The arterial intima-media thickness is an important determinant of vascular disease in young patients. There may be potential role of genetic factors in the genesis of atherosclerosis in the young.\[[@ref17]\]

Stroke risk is greatly increased in presence of cigarette smoking.\[[@ref18]\] The magnitude of association of smoking is substantial compared with other traditional cardiovascular risk factors in the age group 55-70 years.\[[@ref19]\] A positive relation between smoking and carotid artery disease has been found in older adults.\[[@ref20]\] In these studies, smoking did not seem to predispose to stroke in older patients in absence of carotid atherosclerotic disease.

However, there are no similar studies on association of smoking and ECA in younger age group. Our study found a positive relation between smoking/smokeless tobacco use and ECA (71.42%), whereas only 43.75% of strokes without ECA were associated with smoking. The OR of 3.21 (95% CI: 0.83-12.44) shows trend toward association between smoking and formation of extracranial carotid plaques.

In a study from Bangladesh, up to 79.7% cases of CAD among young patients aged 20-49 years were either current or past consumers of some form of tobacco, compared with less than half of the controls (46.4%).\[[@ref5]\] As vascular risk factors are common for CAD and cerebrovascular disease, our preliminary study compares well with the study on young CAD from Bangladesh, and this may have relevance for larger study on this aspect of young strokes in India.

There is a U-shaped association of alcohol intake and ischemic stroke in white population. The net effect of alcohol has been found to be a positive predictor of carotid atherosclerosis.\[[@ref6]\] In our study, though only slightly greater proportion of strokes occurred in alcohol consumers but the OR of 1.33 (95% CI: 0.38-4.72) may implicate alcohol as associated with formation of carotid plaques. Alcohol may perhaps also contribute to stroke through mechanisms other than carotid atherosclerosis.

Smoking was found to be more important risk factor for stroke than alcohol in elderly population from Taiwan,\[[@ref21]\] as has been found in this study of younger ischemic strokes from India. Smoking and genetic polymorphism of apolipoprotein E has been found to have synergistic effects on prevalence of carotid atherosclerosis independent of LDL cholesterol.\[[@ref13]\] An association between smoking and carotid atherosclerosis after adjustment for LDL and high-density lipoprotein (HDL) cholesterol has been found suggesting that mechanisms other than lipids may play a role in atherosclerosis. This particular subgroup, similar to our patient series, may benefit from preventive measures.\[[@ref13]\]

Although, several prior reports have earlier associated the metabolic syndrome with stroke risk in middle aged to older adults, such an association in young strokes was reported for first time in a study from South India which found strong association of the conjoint presence of multiple components of metabolic syndrome with stroke in young adults.\[[@ref11]\] Non-modifiable cardiovascular risk factors did not seem to be important causes of stroke in this younger age group of ischemic strokes. In this select cohort of non-cardio-embolic anterior circulation ischemic strokes under 50 years, 30.44% had ECA possibly attributed to lifestyle factors. Similar finding has not been reported earlier from India.

The study has some shortcomings. As the lower value of 95% CI for OR for both smoking and alcohol is lower than one due to small sample size, these variables were not significantly associated with ECA. As we did not study individuals without stroke, we can only infer the prevalence of these variables in this select population.

Conclusion {#sec1-5}
==========

This study highlights the importance of ECA as a major cause of stroke in young adults. The high prevalence of lifestyle factors like smoking and alcohol points to the need for early prevention. It also provides physicians with an impetus to use CDUS as a routine diagnostic and management modality in young stroke patients. This may enable early treatment to make a significant impact on the natural history of this disease. The data also provides opportunity to study the potential role of genetic factors in causation of atherosclerosis in young.

We postulate that smoking more than alcohol is associated with higher prevalence for ECA, and alcohol perhaps contributes to stroke through mechanisms other than carotid atherosclerosis. A larger cohort study from Indian sub-continent is required on the basis of this preliminary cross-sectional study to establish the causative role of smoking and alcohol in ECA in young strokes with paucity of other cardiovascular risk factors.
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